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APPARATUS AND METHOD FOR ESTIMATING A CHANNEL CONDITION 
OF A FORWARD LINK IN A MOBILE COMMUNICATION SYSTEM 

5 PRIORITY 

This application claims priority under 35 U.S.C. § 119 to an application entitled 
"Apparatus and Method for Estimating Channel Condition of Forward Link in a Mobile 
Communication System" filed in the Korean Intellectual Property Office on January 8, 
10 2003 and assigned Serial No. 2003-993, the contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

15 1. Field of the Invention 

The present invention relates generally to an apparatus and method for 
estimating a channel condition in a mobile communication system, and in particular, to an 
apparatus and method for estimating a channel condition of a forward link in an 
Orthogonal Frequency Division Multiplexing (OFDM) communication system using 

20 multiple carriers. 

2. Description of the Related Art 

Generally, an OFDM communication system is a multi-carrier transmission 
system that transmits data using several carriers that are orthogonal with each other. This 

25 system is distinguished from a single-carrier transmission system that transmits data 
using a single carrier. In such a multi-carrier transmission system, each carrier has a very 
short bandwidth and it is considerably affected by a variation in a channel. However, 
when it comes to the overall frequency band, in the case of a multipath interference 
channel, transmission carriers suffer reduction only in their amplitude due to a variation 

30 in the channel, so they can be satisfactorily recovered. 
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Commonly, in a radio communication environment, a condition of a forward 
channel is changed according to several factors such as velocity and a surrounding 
environment of a mobile station. In the OFDM communication system, adaptive 
transmission techniques for increasing system efficiency, such as PCR (Per Carrier Rate 
5 Control), AUA (Adaptive User Allocation), and Adaptive Modulation, are used in a base 
station according to such a time-varying channel condition. In order to use these adaptive 
techniques, it is necessary to estimate a condition of a forward channel. The forward 
channel condition can be estimated through a carrier-to-interference ratio (C/I). However, 
estimating a condition of a forward channel by a base station requires a process in which 
10 a mobile station measures C/I using a forward pilot channel by Frequency Division 
Duplexing (FDD) and feeds back the measured C/I to the base station. 

In addition, because the OFDM communication system uses a plurality of 
subcarriers, feedback information used for feeding back information on a channel 
15 condition of each subcarrier greatly increases in quantity. Such feedback information 
transmitted via a reverse link serves as an overhead on the reverse link and greatly 
reduces efficiency of the reverse link. 

SUMMARY OF THE INVENTION 

20 

It is, therefore, an object of the present invention to provide an apparatus and 
method for estimating a forward channel condition in an OFDM communication system. 

It is another object of the present invention to provide an apparatus and method 
25 for estimating a forward channel condition without a reduction in efficiency of a reverse 
link in an OFDM communication system. 

In accordance with one aspect of the present invention, there is provided a 
method for estimating a channel condition of a forward link by a mobile station in a 
30 mobile communication system including the mobile station and a base station for 
performing an operation of transmitting/receiving data using a plurality of subcarriers 
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having mutual orthogonality. The method comprises the steps of: measuring carrier-to- 
interference ratio (C/I) values of the subcarriers using a signal received from the base 
station; determining from the received signal a subcarrier for transmitting feedback 
information in a given coherence bandwidth; generating feedback information to be 
5 transmitted over the determined subcarrier; and transmitting the generated feedback 
information to the base station as information for estimating a channel condition of the 
forward link. 

In accordance with another aspect of the present invention, there is provided a 
10 method for estimating a channel condition of a forward link by a base station in a mobile 
communication system including a mobile station and the base station for performing an 
operation of transmitting/receiving data using a plurality of subcarriers having mutual 
orthogonality. The method comprises the steps of: receiving feedback information from 
the mobile station over a feedback channel; estimating carrier-to-interference ratio (C/I) 
15 values of subcarriers in a given coherence bandwidth using the received feedback 
information; analyzing the estimated C/I values of the subcarriers according to a preset 
condition, and updating an accumulation value for estimating a channel condition of the 
forward link based on the analysis result; and estimating a channel condition of the 
forward link using the updated value. 

20 

In accordance with yet another aspect of the present invention, there is provided 
an apparatus for estimating a channel condition of a forward link by a mobile station in a 
mobile communication system including the mobile station and a base station for 
performing an operation of transmitting/receiving data using a plurality of subcarriers 

25 having mutual orthogonality. The apparatus comprises a forward link channel estimator 
for estimating carrier-to-interference ratio (C/I) values of the subcarriers using a received 
signal; a feedback information generator for determining from the estimated signal a 
subcarrier for transmitting feedback information in a given coherence bandwidth, and 
generating feedback information to be transmitted over the determined subcarrier; and a 

30 feedback channel for transmitting the generated feedback information to the base station 
as information for estimating a channel condition of the forward link. 
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In accordance with a farther aspect of the present invention, there is provided an 
apparatus for estimating a channel condition of a forward link by a base station in a 
mobile communication system including a mobile station and the base station for 
5 performing an operation of transmitting/receiving data using a plurality of subcarriers 
having mutual orthogonality. The apparatus comprises a feedback channel receiver for 
estimating carrier-to-interference ratio (C/I) values of subcarriers in a given coherence 
bandwidth using feedback information received from the mobile station over a feedback 
channel; and a feedback information analyzer for analyzing the estimated C/I values of 
10 the subcarriers according to a preset condition, updating an accumulation value for 
estimating a channel condition of the forward link based on the analysis result, and 
estimating a channel condition of the forward link using the updated value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

The above and other objects, features, and advantages of the present invention 
will become more apparent from the following detailed description when taken in 
conjunction with the accompanying drawings in which: 

FIG. 1 is a block diagram illustrating an apparatus for estimating a channel 
20 condition of a forward link in a mobile station according to the present invention; 

FIG. 2 is a block diagram illustrating an apparatus for estimating a channel 
condition of a forward link in a base station according to the present invention; 

FIG. 3 is a diagram illustrating an example of feedback information generated 
according to the present invention; 
25 FIG. 4 is a flowchart illustrating a procedure for generating feedback 

information in a mobile station according to a first embodiment of the present invention; 

FIG. 5 is a diagram illustrating an example of feedback information generated 
according to the first embodiment of the present invention; 

FIG. 6 is a flowchart illustrating a procedure for estimating a forward channel 
30 condition in a base station according to the first embodiment of the present invention; 
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FIG. 7 is a flowchart illustrating a modified method for generating feedback 
information in a mobile station to a second embodiment of the present invention; 

FIG. 8 is a diagram illustrating an example of feedback information generated 
according to the second embodiment of the present invention; 
5 FIG. 9 is a flowchart illustrating a procedure for generating feedback 

information in a mobile station according to a third embodiment of the present invention; 

FIG. 10 is a diagram illustrating an example of feedback information generated 
according to the third embodiment of the present invention; 

FIG. 11 is a diagram illustrating another example of feedback information 
10 generated according to the third embodiment of the present invention; and 

FIG. 12 is a flowchart illustrating a procedure for estimating a forward channel 
condition in a base station according to the third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

15 

Several preferred embodiments of the present invention will now be described in 
detail herein below with reference to the annexed drawings. In the drawings, the same or 
similar elements are denoted by the same reference numerals even though they are 
depicted in different drawings. In the following description, a detailed description of 
20 known functions and configurations incorporated herein has been omitted for conciseness. 

In the following description, the term "channel condition" or "forward channel 
condition" and the term "C/I" are used with the same meaning. In addition, the term 
"feedback information" refers to the information a mobile station generates and transmits 
25 to a base station so that the base station can estimate a forward channel condition. Herein, 
a principle of the present invention will first be presented, and then, several embodiments 
of the present invention will be described in detail. 



Principle of the Invention 
30 A principle of the present invention includes a process of estimating, by a 

mobile station, channel conditions of a plurality of carriers using a received signal, a 
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process of generating feedback information using the estimated channel conditions 
according to a predetermined method, and a process of transmitting the feedback 
information to a base station. 

5 The base station then receives the feedback information over a feedback channel, 

and estimates a forward channel condition using the received feedback information. Here, 
a method for generating feedback information depending on a forward channel condition 
is previously fixed in the base station and the mobile station. 

FIG. 1 is a block diagram illustrating an apparatus for estimating a channel 
condition of a forward link in a mobile station according to the present invention. 
Referring to FIG. 1, a forward link channel estimator 110 included in the mobile station 
estimates a channel condition using a signal received from a base station. A forward 
feedback information generator 120 receives the channel condition estimation value, and 
generates feedback information based on the received channel condition estimation value 
in a predetermined method. The mobile station transmits the generated feedback 
information to the base station over a feedback channel 130. Here, the feedback channel 
130 refers to a physical channel to which one subcarrier can be separately allocated for 
reverse signaling and one slot or one code can be allocated in a reverse channel. The 
output signal of the feedback channel 130 is converted from a digital signal to a baseband 
analog signal by digital-to-analog (D/A) converter 140. A RF processor 150 receives the 
output signal of D/A converter 140 and upconverts the baseband signal to an RF signal. 
The output of RF processor is transmitted to the base station by antenna 160. 

25 FIG. 2 is a block diagram illustrating an apparatus for estimating a channel 

condition of a forward link in a base station according to the present invention. Referring 
to FIG. 2, an antenna 201 receives the feedback channel including the feedback 
information. An RF processor 202 downconverts the RF signal received from the 
antennal to a baseband signal. An analog to digital converter 203 converts the baseband 

30 signal to a digital signal and transmits to feedback channel receiver. 
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A feedback channel receiver 210 in the base station receives feedback 
information over the feedback channel 130. A feedback information analyzer 220 
analyzes the received feedback information, thereby estimating a channel condition of a 
current forward link. 

5 

FIG. 3 is a diagram illustrating an example of feedback information generated 
according to the present invention. In FIG. 3, a horizontal axis represents a time domain, 
or time slots, while a vertical axis represents a frequency domain, or subcarriers whose 
channel condition must be reported. A mobile station estimates a channel condition of 
10 each subcarrier. In FIG. 3, C denotes C/I, and the C/I is quantized as an 'nf (number of 
feedback bit per subcarrier) bit before being transmitted. Therefore, when there are N 
subcarriers whose channel conditions must be reported, an amount of feedback 
information that must be reported for one slot becomes Nx 'nf bit. 

15 Embodiments 

As illustrated in FIG. 3, in a method of estimating a channel condition by 
generating feedback information, an increase in number of subcarriers leads to a great 
increase in amount of feedback information. Herein, several embodiments capable of 
increasing efficiency of a reverse link by reducing an amount of feedback information 

20 will be described in detail with reference to the accompanying drawings. 

In the following description, C represents C/I, and TD (Time differential 
feedback) represents a relative value of C/I information in a time domain. Here, the 
"relative value of a time domain" means a relative value for a C/I value measured at a 
25 previous time slot #(k-l), when a current time slot is defined as 'slot #k\ The relative 
value of the time domain will be referred to as a "TD value" or a "time-domain relative 
C/I," and the C will be referred to as a "full C/I" or a "reference C/I" in order to 
distinguish the C from the relative value of the time domain. 

30 FIG. 4 is a flowchart illustrating a procedure for generating feedback 

information in a mobile station according to a first embodiment of the present invention. 
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In the present invention, the following feedback information generation procedure is 
independently performed on each subcarrier. 

Referring to FIGs. 1 and 4, a mobile station measures a C/I through the forward 
5 link channel estimator 110 in step 410, and provides the measured C/I to the feedback 
information generator 120. The feedback information generator 120 then receives the 
measured C/I, and determines in step 420 whether a current time, or a time slot #k, is a 
reference C/I transmission time slot. If it is determined that the time slot #k is a reference 
C/I transmission time slot, the feedback information generator 120 quantizes the 
10 measured C/I value as a predetermined bit, i.e., c nf bit, in step 430. The feedback 
information generator 120 stores the quantized value in an accumulator (not shown) in 
step 440, and generates feedback information using the value stored in the accumulator in 
step 450. 

15 However, if it is determined in step 420 that the current time slot is not a 

reference C/I transmission time slot, the feedback information generator 120 calculates a 
difference value between a C/I value previously stored in the accumulator and the 
measured C/I in step 460. In step 470, the feedback information generator 120 quantizes 
the calculated difference value as a predetermined bit, i.e., 'nd' (number of differential 

20 feedback bit per sub carrier) bit. In step 480, the feedback information generator 120 
updates a value of the accumulator at the current time slot by adding the quantized 
difference value to the value previously stored in the accumulator. The updated value is 
used in determining a TD value at a next time slot #(k+l). Here, the c nd' bit has a smaller 
value than that of the 'nf bit. As a result, the use of the relative value contributes to a 

25 reduction in amount of feedback information that must be transmitted. 

Thereafter, in step 490, the feedback information generator 120 generates 
feedback information using the value stored in the accumulator. The feedback 
information generator 120 generates feedback channel information by gathering feedback 
30 information of each subcarrier generated through the above processes. If it is assumed 
that feedback information is formed every time slot, a time at which a reference C/I is 
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transmitted is uniquely allocated to each subcarrier in order to reduce an amount of 
feedback information. 

An example of feedback information generated according to the first 
5 embodiment of the present invention is illustrated in FIG. 5, wherein the feedback 
information is formed every slot. When the method illustrated in FIG. 4 is used, TD can 
be expressed with a bit less than the £ nf bit. Therefore, the use of the relative value leads 
to a reduction in amount of feedback information that must be transmitted. 

10 If the mobile station generates feedback information through these processes and 

transmits the generated feedback information to a base station, then the base station 
estimates a forward channel condition using the transmitted feedback information. Such 
an operation of estimating a forward channel condition will be described with reference 
to the accompanying drawings. 

15 

FIG. 6 is a flowchart illustrating a procedure for estimating a forward channel 
condition in a base station according to the first embodiment of the present invention. 
Referring to FIGs. 2 and 6, a base station receives feedback information from a mobile 
station through the feedback channel receiver 210. In step 610, the feedback information 

20 analyzer 220 in the base station receives the received feedback information from the 
feedback channel receiver 210, and determines in step 620 whether a current time slot is a 
reference C/I reception time slot. If it is determined that the current time slot is a 
reference C/I reception time slot, the feedback information analyzer 220 receives an £ nf 
bit and analyzes it as a reference C/I in step 630, and stores the reference C/I value in an 

25 accumulator (not shown) in step 640. However, if it is determined in step 620 that the 
current time slot is not a reference C/I reception time slot, the feedback information 
analyzer 220 analyzes a received 'nd' bit as a relative C/I in step 650. In step 660, the 
feedback information analyzer 220 updates a value of the accumulator at the current time 
slot by adding the relative C/I value to the accumulator's value. 

30 
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In step 670, the feedback information analyzer 220 estimates a forward channel 
condition using a value stored in the accumulator. The values stored in the accumulators 
of the base station and the mobile station are maintained, and when a relative value is 
transmitted and received, a transceiver can detect a reference value. 

5 

The first embodiment of the present invention has provided a method of 
generating feedback information by generating a relative value TD of a time domain for 
each frequency and then comparing the relative value with a reference C/I. Next, a 
second embodiment of the present invention presents a method of generating feedback 
10 information using a coherence bandwidth. 

FIG. 7 is a flowchart illustrating a modified method of generating feedback 
information in a mobile station to a second embodiment of the present invention. It is 
assumed herein that a value determined by averaging C/I values of subcarriers in a given 
15 coherence bandwidth is defined as an average C/I instead of the reference C/I. In the 
present invention, the following procedure is independently performed on each coherence 
bandwidth. 

Referring to FIGs. 1 and 7, a mobile station measures C/I values of subcarriers 
20 in a given coherence bandwidth using a received signal through the forward link channel 
estimator 110 in step 800, and provides the estimated C/I values to the feedback 
information generator 120. The feedback information generator 120 receives the 
measured C/I values, and calculates an average C/I value of the subcarriers for a 
particular time slot in step 810. Here, the "particular time slot" refers to a time slot at 
25 which the average C/I should be transmitted. In step 820, the feedback information 
generator 120 determines whether a current time slot is an average C/I transmission time 
slot. If it is determined that the current time slot is an average C/I transmission time slot, 
the feedback information generator 120 quantizes the measured average C/I value for the 
particular time slot as a predetermined bit, or 'nf bit, in step 830, stores the quantized 
30 average C/I value in an accumulator in step 840, and generates feedback information 
using an 'nf bit in step 850. 
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Alternatively, if it is determined in step 820 that the current time slot is not an 
average C/I transmission time slot, the feedback information generator 120 calculates a 
relative value TD of a time domain for the average C/I in steps 860 and 870. A process of 
5 determining a relative value TD of a time domain for the average C/I is identical to the 
TD value calculation process described above with reference to FIG. 4, so a detailed 
description thereof will be omitted for simplicity. 

FIG. 8 is a diagram illustrating an example of feedback information generated 
10 according to the second embodiment of the present invention. 

Conventionally, a system using a wideband suffers a frequency selective fading 
phenomenon in which a fading level depends upon a frequency. A fading level is constant 
between adjacent frequencies, but independent fading occurs when frequencies increase 

15 in a gap between them. If a correlation of a channel condition between two frequencies is 
calculated while increasing a gap between the two frequencies little by little, a correlation 
value is decreased step by step. Further, if the correlation value reaches a particular value, 
a difference between the two frequencies, determined at this moment, is defined as the 
coherence bandwidth. Fading has a similar value within the coherence bandwidth. 

20 However, interference due to neighboring cells/mobile stations can be different even 
within the coherence bandwidth. If it is assumed herein that the neighboring cells/mobile 
stations have a similar bandwidth, their interference levels will also have a specific 
correlation within the coherence bandwidth. In the following description, a frequency 
bandwidth where a forward channel condition, i.e., a C/I, including interference, has a 

25 predetermined correlation or above, is defined as a coherence bandwidth. 

In a channel estimation method according to the second embodiment of the 
present invention, a mobile station first receives all subcarriers and measures C/Is of all 
the subcarriers. Next, the mobile station generates feedback information according to the 
30 measured C/ls and transmits the generated feedback information to a base station at one 
subcarrier. 
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The method for measuring a channel condition using the coherence bandwidth is 
as follows. 

5 When a mobile station initially accesses a base station, the mobile station 

receives all subcarriers and measures C/Is of all subcarriers. Thereafter, the mobile 
station determines a particular coherence bandwidth and selects a subcarrier that will 
transmit feedback information. After, the mobile station measures only a C/I of a 
predetermined subcarrier instead of measuring C/Is of all subcarriers and transmit the 
10 measured C/I. A detailed description will now be made of the method for estimating a 
channel condition using the coherence bandwidth, giving specific examples. 

In an example illustrated in FIG. 8, it is assumed that a coherence bandwidth has 
a width of 5 subcarriers. Assuming that subcarriers within the coherence bandwidth have 
15 similar channel conditions, feedback information can be formed using only one C/I value 
representing a condition of a subcarrier group consisting of 5 subcarriers. 

Referring to FIG. 8, feedback information is formed using a C/I of a 3 rd 
subcarrier Sc3 out of the 5 subcarriers, as a reference C/I. Alternatively, however, the 

20 feedback information can be formed using a value determined by averaging C/I values of 
the 5 subcarriers, or a value capable of best representing a characteristic of a 
corresponding subcarrier group according to a system, such as a C/I value of a 1 st 
subcarrier, instead of using the reference C/I value. In addition, as illustrated in FIG. 8, 
even when one piece of feedback information is formed for a subcarrier group, the 

25 feedback information can be formed using the above-described relative value, i.e., TD, of 
the time domain. That is, TD values of the 3 rd subcarrier Sc3 represent the values 
determined by analyzing a received 'nd' bit as a relative C/I value at a previous time slot 
and then updating a value of an accumulator by adding a relative C/I value at the previous 
time slot to the value of the accumulator at the current time slot, and are used in forming 

30 feedback information. 
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As described above, the second embodiment of the present invention provides a 
method for generating feedback information using a coherence bandwidth and a time- 
domain relative value. Next, a third embodiment of the present invention will present a 
method of generating feedback information using a frequency-domain relative value in 
5 addition to the coherence bandwidth and the time-domain relative value. In the following 
description, the term "frequency-domain relative C/I" or "FD (Frequency differential 
feedback)" refers to a frequency-domain relative value for a reference C/I value of a 
subcarrier intending to feed back the reference C/I value at a corresponding time slot 
among subcarriers in the same subcarrier group. 

10 

FIG. 9 is a flowchart illustrating a procedure for generating feedback 
information in a mobile station according to the third embodiment of the present 
invention. Referring to FIGs. 1 and 9, a mobile station measures C/I values of subcarriers 
in a given coherence bandwidth using a received signal through the forward link channel 

15 estimator 110 in step 910, and provides the measured C/I values to the feedback 
information generator 120. The feedback information generator 120 then receives the 
measured C/I values, and estimates C/I values of subcarriers in a given coherence 
bandwidth using a received signal. In step 915, the feedback information generator 120 
determines whether a current time slot, i.e., a slot #k, is a time slot at which C/I values of 

20 all subcarriers in the coherence bandwidth should be transmitted. Here, the time slot at 
which C/I values of all subcarriers are transmitted can be appropriately set taking a 
channel condition into consideration. 

If it is determined in step 915 that the current time slot is a time slot at which C/I 
25 values of all subcarriers are transmitted, the feedback information generator 120 
determines in step 920 whether a corresponding subcarrier is a subcarrier transmitting a 
reference C/I. If it is assumed that the subcarrier transmitting a reference C/I value is an 
N lh subcarrier, the N th subcarrier can be set using a particular subcarrier representative of 
a channel condition within the coherence bandwidth. If the corresponding subcarrier is a 
30 subcarrier transmitting a reference C/I, the feedback information generator 120 quantizes 
a C/I value of the subcarrier transmitting a reference C/I as a predetermined bit, or 'nf 
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bit, in step 925, and then stores the quantized C/I value in an accumulator in step 930. In 
step 935, the feedback information generator 120 generates feedback information using 
the value, i.e., c nf bit, stored in the accumulator. 

5 However, if it is determined in step 920 that the corresponding subcarrier is not a 

subcarrier transmitting a reference C/I, the feedback information generator 120 calculates 
in step 940 a difference between a C/I value of an N lh subcarrier, which is a value 
previously stored in the accumulator, and a C/I value of an (N-l) lh subcarrier in order to 
calculate a frequency-domain relative C/I. The feedback information generator 120 
10 quantizes the calculated difference value as a predetermined bit, i.e., c nd' bit, in step 945, 
and updates the value stored in the accumulator by adding the quantized difference value 
to the value previously stored in the accumulator in step 950. In step 955, the feedback 
information generator 120 generates feedback information using the value, i.e., c nd' bit, 
stored in the accumulator. 

15 

However, if it is determined in step 915 that the current time slot is not a time 
slot at which C/I values of all subcarriers in the coherence bandwidth are transmitted, the 
feedback information generator 120 determines in step 960 whether a corresponding 
subcarrier is a subcarrier transmitting a reference C/I. If the corresponding subcarrier is a 

20 subcarrier transmitting a reference C/I, the feedback information generator 120 calculates 
in step 965 a difference value between a value previously stored in the accumulator and a 
C/I estimated at the current time slot in order to calculate a time-domain relative C/I. The 
feedback information generator 120 quantizes the calculated difference value as a 
predetermined bit, i.e., 'nd' bit, in step 970, and updates the value stored in the 

25 accumulator by adding the calculated difference value to the value previously stored in 
the accumulator in step 975. In step 980, the feedback information generator 120 
generates feedback information using the value, i.e., 'nd' bit, stored in the accumulator. 

Here, the value previously stored in the accumulator becomes different 
30 depending on whether a frequency-domain relative value is used or a time-domain 
relative value is used. It should be noted that when the time-domain relative value is used, 
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the value previously stored in the accumulator is the same as that described in the first 
embodiment. 

However, in step 960, if the corresponding subcarrier is not a subcarrier 
5 transmitting a reference C/I, the procedure ends. 

FIG. 10 is a diagram illustrating an example of feedback information generated 
according to the third embodiment of the present invention. The feedback information 
illustrated in FIG. 10 is generated using the coherence bandwidth and the frequency- 
10 domain/time-domain relative values. Here, the method for generating the feedback 
information using the time-domain relative value, i.e., TD value, has already been 
described. In addition, because the subcarriers in the coherence bandwidth fail to have the 
same channel conditions, feedback information is generated by taking the difference 
between channel conditions of subcarriers in the coherence bandwidth into consideration. 

15 

Referring to FIG. 10, when a reference C/I is transmitted over a 3 rd subcarrier, a 
frequency-domain relative C/I, or FD, of a 2 nd subcarrier is determined by calculating a 
difference between a quantized C/I of the 3 rd subcarrier and an estimated C/I of the 2 nd 
subcarrier. Such a frequency-domain relative C/I is quantized and used as feedback 
20 information of the 2 nd subcarrier. A frequency-domain relative C/I a 1 st subcarrier is 
determined by subtracting a measured C/I of the 1 st subcarrier from a value determined 
by adding a quantized frequency-domain relative C/I of the 2 nd subcarrier to a quantized 
C/I of the 3 rd subcarrier. Such a frequency-domain relative C/I is quantized and used as 
feedback information of the 1 st subcarrier. 

25 

Likewise, when a reference C/I is transmitted over the 3 rd subcarrier, relative 
C/Is of 4 th and 5 th subcarriers are calculated in the same method as the method used in 
calculating the relative C/I of the 1 st subcarrier. That is, in the example illustrated in FIG. 
10, a reference subcarrier like the 3 rd subcarrier should be appointed in determining a 
30 relative value of a subcarrier. This must be prescribed in both the base station and the 
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mobile station. In addition, a relative C/I of each subcarrier is sequentially calculated 
from a reference subcarrier located closest thereto. 

In FIG. 10, at a time slot at which a frequency-domain relative value is not 
5 transmitted, a correlation between a variation in channel condition of a reference 
subcarrier and a variation in channel conditions of surrounding subcarriers is 
considerably high. Therefore, it is not necessary to transmit the frequency-domain 
relative value every slot. That is, it is allowable to transmit the frequency-domain relative 
values at intervals of predetermined number of slots. 

10 

It should be noted that FIG. 10 illustrates a method of transmitting a frequency- 
domain relative value every 10 th slot, by way of example. In addition, it is not necessary 
to transmit a time-domain relative value every slot, and also, it is not necessary to 
transmit frequency-domain relative values of all subcarriers. 

15 

FIG. 11 is a diagram illustrating another example of feedback information 
generated according to the third embodiment of the present invention. The example 
illustrated in FIG. 11 represents an extended feedback information format for a forward 
channel condition, generated using the coherence bandwidth and the frequency- 

20 domain/time-domain relative values. Such a feedback information format according to 
another example of the third embodiment, unlike that illustrated in FIG. 10, can transmit 
a frequency-domain or time-domain relative value at a time slot where a frequency- 
domain relative value is not transmitted. Whether a frequency-domain relative value is to 
be used or a time-domain relative value is to be used is determined in consideration of 

25 variation levels of channel conditions in the time domain and the frequency domain, and 
reliability of feedback information. Further, the base station and the mobile station should 
know the results. 

Whether the frequency-domain relative value is to be used or the time-domain 
30 relative value is to be used must be prescribed between the base station and the mobile 
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station. Also, it is not necessary to transmit a time-domain relative value every slot, and it 
is not necessary to transmit frequency-domain relative values of all subcarriers. 

FIG. 12 is a flowchart illustrating a procedure for estimating a forward channel 
5 condition in a base station according to the third embodiment of the present invention. 
Referring to FIGs. 2 and 12, a base station receives feedback information from a mobile 
station through the feedback channel receiver 210, and delivers the received feedback 
information to the feedback information analyzer 220. 

10 The feedback information analyzer 220 receives the feedback information in 

step 1210, and determines in step 1220 whether a current time slot, or a slot #k, is a time 
slot at which C/I values of all subcarriers in the coherence bandwidth are received. If it is 
determined that the current time slot is a time slot at which C/I values of all subcarriers 
are received, the feedback information analyzer 220 determines in step 1230 whether a 

15 corresponding subcarrier is a subcarrier transmitting a reference C/I. If it is determined 
that the corresponding subcarrier is a subcarrier transmitting a reference C/I, the feedback 
information analyzer 220 analyzes a C/I value ('nf bit) of the received subcarrier as a 
reference C/I value in step 1240, and stores the reference C/I value in an accumulator in 
step 1250. In step 1280, the feedback information analyzer 220 estimates a channel 

20 condition using the value, i.e., 'nf bit stored in the accumulator. 

However, if it is determined in step 1230 that the corresponding subcarrier is not 
a subcarrier transmitting a reference C/I, the feedback information analyzer 220 analyzes 
a C/I value ('nd' bit) of the received subcarrier as a frequency-domain relative value of 
25 the reference C/I value in step 1260, and updates a value stored in the accumulator by 
adding the frequency-domain relative value to the value previously stored in the 
accumulator in step 1270. In step 1280, the feedback information analyzer 220 estimates 
a channel condition using the value, i.e., £ nd' bit, stored in the accumulator. 

30 However, if it is determined in step 1220 that the current time slot is not a time 

slot at which C/I values of all subcarriers in the coherence bandwidth are received, the 
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feedback information analyzer 220 determines in step 1290 whether a corresponding 
subcarrier is a subcarrier transmitting a reference C/L If it is determined that the 
corresponding subcarrier is not a subcarrier transmitting a reference C/I, the procedure 
ends. However, if it is determined that the corresponding subcarrier is a subcarrier 
5 transmitting a reference C/I, the feedback information analyzer 220 analyzes a C/I value 
('nd' bit) of the received subcarrier as a frequency-domain relative value in step 1292, 
and updates a value stored in the accumulator by adding the frequency-domain relative 
value to the value previously stored in the accumulator in step 1294. In step 1280, the 
feedback information analyzer 220 estimates a forward channel condition using the value, 
10 i.e., 'nd' bit, stored in the accumulator. 

As described above, when feeding back a channel condition of each subcarrier to 
a base station in order to use an adaptive transmission technique, the present invention 
uses coherence bandwidth information and time-domain/frequency-domain relative 
15 values to reduce an amount of feedback information, thereby preventing a decrease in 
efficiency of a reverse link. 

While the present invention has been shown and described with reference to 
certain preferred embodiments thereof, it will be understood by those skilled in the art 
20 that various changes in form and details may be made therein without departing from the 
spirit and scope of the present invention as defined by the appended claims. 
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